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Chemical context
Carbazole derivatives are among the most important and highly exploited heterocyclic compounds in the field of medicinal chemistry. They have been attractive to researchers because of their broad spectrum of biological activities, such as anti-oxidative (Tachibana et al., 2001) , antitumor (Itoigawa et al., 2000) , anti-inflammatory and antimutagenic (Ramsewak et al., 1999) , antibiotic, antifungal and cytotoxic (Chakraborty et al., 1965 (Chakraborty et al., , 1978 , pim kinase inhibitory (Giraud et al., 2014) , antimicrobial (Gu et al., 2014) and anti-Alzheimer (Thiratmatrakul et al., 2014) . Carbazole derivatives are also used as precursor compounds for the synthesis of pyridocarbazole alkaloids (Karmakar et al., 1991) .
Structural commentary
The molecular structure of the title compound is illustrated in Fig.1 . The title compound comprises a carbazole ring system, which is attached to a phenyl sulfonyl ring and a thiopene ring. The carbazole ring system forms a dihedral angle of 89.08 (1) with the sulfonyl-substituted phenyl ring. The tetrahedral configuration is distorted around the atom S2. The increase in the O2-S2-O1 angle [120.14 (9) ], with a simultaneous ISSN 2056-9890 decrease in the N1-S2-C15 angle [104.96 (9) ] from the ideal tetrahedral value (109.5 ) are attributed to the ThorpeIngold effect (Bassindale, 1984) . The N1-C6 [1.428 (2) Å ] and N1-C7 [1.429 (2) Å ] bond lengths in the molecule are longer than the mean Nsp 2 -Csp 2 bond length value of 1.355 (14) Å (Allen et al., 1987; Groom et al., 2016) . The elongation observed may be due to the electron-withdrawing character of the phenylsulfonyl group. The molecular structure is stabilized by C1-H1Á Á ÁO2 and C9-H9Á Á ÁO1 intramolecular interactions involving the sulfone oxygen atoms, which generate two S(6) ring motifs (Fig. 1) .
Supramolecular features
In the crystal packing (Fig. 2) , the molecules are linked via pairs of C-HÁ Á ÁO hydrogen bonds (Table 1) , forming inversion dimers with an R 2 2 (12) graph-set motif. Each molecule is involved in the formation of two dimers that propagate as a ribbon in the c-axis direction.
Hirshfeld surface analysis, interaction energies and energy frameworks
In order to investigate the weak intermolecular interactions in the crystal, the Hirshfeld surfaces (d norm , curvedness and shape index) and 2D fingerprint plots were generated using CrystalExplorer 17.5 (Turner et al., 2017) . The d norm mapping uses the normalized functions of d i and d e (Fig. 3a) , with white, red and blue coloured surfaces where d i (x axis) and d e (y axis) are the closest internal and external distances from a given point on the Hirshfeld surface to the nearest atom. The white surface indicates those contacts with distances equal to the sum of van der Waals (vdW) radii, red indicates shorter The molecular structure of the title compound with the atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Dashed lines indicate the intramolecular C-HÁ Á ÁO hydrogen bonds, which generate S(6) ring motifs.
Figure 2
The crystal packing of the title compound, viewed along the a axis. Dashed lines indicate intermolecular hydrogen bonds. For clarity, only the H atoms involved in these interactions have been included. Table 1 Hydrogen-bond geometry (Å , ).
Cg5 is the centroid of the C15-C20 ring. contacts (< vdW radii) and blue longer contacts (> vdW radii). The electrostatic potential was also mapped on the Hirshfeld surface using a STO-3G basis set and the Hartee-Fock level of theory (Spackman et al., 2008; Jayatilaka et al., 2005) . The C-HÁ Á ÁO hydrogen-bond donors and acceptors are shown as blue and red regions around the atoms corresponding to positive and negative electrostatic potentials, respectively (Fig. 3b) . The presence of -stacking interactions is indicated by red and blue triangles on the shape-index surface (Fig. 3c) . Areas on the Hirshfeld surface with high curvedness tend to divide the surface into contact patches with each neighbouring molecule. The coordination number in the crystal is defined by the curvedness of the Hirshfeld surface (Fig. 3d) . The nearest neighbour coordination environment of a molecule is identified from the colour patches on the Hirshfeld surface depending on their closeness to adjacent molecules (Fig. 3e) . Two-dimensional fingerprint plots showing the occurrence of all intermolecular contacts (McKinnon et al., 2007) are presented in Fig. 4a . The fingerprint plot of HÁ Á ÁH contacts, which represent the largest contribution to the Hirshfeld surfaces (40%), shows a distinct pattern with a minimum value of d e = d i ' 1.2 Å (Fig. 4b) . The CÁ Á ÁH/HÁ Á ÁC interactions appear as the next largest region of the fingerprint plot, highly concentrated at the edges, having almost the same d e + d i ' 2.7 Å ( (Fig. 4f) . These are the weak interactions that contribute the most to the packing of the title compound.
The interaction energy between the molecules is expressed in terms of four components: electrostatic, polarization, dispersion and exchange repulsion. These energies were obtained using monomer wavefunctions calculated at the B3LYP/6-31G(d,p) level. The total interaction energy, which is the sum of scaled components, was calculated for a 3.8 Å radius cluster of molecules around the selected molecule (Fig. 5a) Table 3 Interaction energies (kJ mol À1 ) between a reference molecule and its neighbours.
N is the number of equivalent neighbours, R is the distance between molecular centroids (mean atomic position) in Å . The colours identify molecules in Fig. 5a , with the reference molecule shown in grey. Figure 5 (a) Interactions between the selected reference molecule (highlighted in yellow) and the molecules present in a 3.8 Å cluster around it, (b) Coulomb energy framework, (c) dispersion energy framework and (d) total energy framework.
marked energy model (Mackenzie et al., 2017) are given in Table 2 . The interaction energies calculated by the energy model reveal that the interactions in crystal have a significant contribution from dispersion components (Table 3 ). Using energy frameworks, the magnitudes of the intermolecular interaction energies are represented graphically and the supramolecular architecture of the crystal structure is visualized. Energies between molecular pairs are represented as cylinders joining the centroids of pairs of molecules, with the cylinder radius proportional to the magnitude of the interaction energy. Frameworks were constructed for E elec as red cylinders, E dis as green and E tot as blue ( Fig. 5b-5d ) and these cylinders represent the relative strength of molecular packing in different directions.
Synthesis and crystallization
The first step was the alkylation of 2-bromo-3-(phenylsulfonylmethyl)thiophene (0.7 g, 2.21 mmol) with 2-bromomethyl-1-phenylsulfonylindol (0.85 g, 2.43 mmol) using t-BuOK (0.37 g, 3.32 mmol) in DMF (20 mL) at 278-283 K for 15 min. After completion of the reaction, the reaction mixture was poured into crushed ice. The solid obtained was filtered and dried to afford the alkylated sulfone (1.16 g) as a colourless solid. To a solution of the crude alkylated sulfone (1.16 g, 1.97 mmol) in DMF (15 mL), Pd(OAc) 2 (0.04 g, 0.19 mmol), PPh 3 (0.10 g, 0.39 mmol) and K 2 CO 3 (0.55 g, 3.94 mmol) were added. Then the reaction mixture was heated at 353 K for 2 h. After that, the reaction mixture was filtered through a celite bed and washed with ethyl acetate (2 Â 10 mL). The combined organic layer was washed with water (3 Â 20 mL) and dried (Na 2 SO 4 ). Removal of the solvent followed by column chromatographic purification (silica gel, 100% hexane) afforded 6-(phenylsulfonyl)-6H-thieno[3,2-c]carbazole (0.50 g, 70%) as a colourless solid (Fig. 6) . Diffraction-quality crystals were obtained from the product by slow evaporation using chloroform as a solvent; m.p. 417-419 K.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . All H atoms were positioned geometrically (C-H = 0.93 Å ) and refined using a riding model with U iso (H) = 1.2U eq (C). In the final refinement, reflection (001), which was obstructed by the beam stop, was omitted. Reaction scheme. Computer programs: APEX2, SAINT and XPREP (Bruker, 2012) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) and ORTEP-3 for Windows (Farrugia, 2012) .
6-Phenylsulfonyl-6H-thieno[3,2-c]carbazole
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

